Primordial nucleosynthesis calculations are shown to be able to provide constraints on models of electroweak baryogenesis which produce a highly inhomogeneous distribution of the baryon-to-photon ratio. Such baryogenesis scenarios overproduce 4 He and/or 7 Li and can be ruled out whenever a fraction f < ∼ 3 × 10 −6 (100 GeV/T ) 3 of nucleated bubbles of broken-symmetry phase contributes > ∼ 10% of the baryon number within a horizon volume.
view of baryogenesis associated with first-order electroweak phase transitions is given in reference [8] .
Since a temperature dependent nucleation rate is a generic feature of first order phase transitions, we expect some supercooling in a primordial electroweak transition and the concomitant generation of distinct bubbles of low temperature phase. These bubbles of broken phase grow until they coalesce. As the bubble walls propagate toward coalescence the universe is out of thermal and chemical equilibrium in the vicinity of the walls. These nonequilibrium conditions, together with baryon number violating anomalous electroweak interactions and C and CP-violation, provide all the necessary ingredients for baryogenesis.
The necessity of this baryogenesis occurring in the inhomogeneous environments engendered by bubble nucleation and coalescence ultimately may lead to an inhomogeneous distribution of η and, hence, entropy-per-baryon.
In most of these baryogenesis scenarios the final distribution in η is probably too homogeneous to affect nucleosynthesis. However, one can speculate on models in which significant inhomogeneities in η, (∆η/η > ∼ 1), may occur. Such inhomogeneities, for example, might arise in nonadiabatic (thin wall) models [9] whenever the velocity of an expanding broken phase bubble varies during the transition. In nonadiabatic scenarios the rate of baryogenesis depends strongly upon the velocity of the wall. We note that this velocity may change at only about the 10% level during the course of the transition. However, there remains considerable uncertainty in the determination of the wall velocity in these models. As recently pointed out, this effect may occur in adiabatic models as well [10] .
Another possibility might be the formation [11] of distinct domains of baryon-number and anti-baryon number. After annihilating they could leave behind a small number of baryon bubbles containing all of the net baryon number. Finally, strong spatial inhomogeneities may result from any scenario in which most of the generated net baryon number is associated with the collisions of bubble walls at the end of the transition. Although such models are speculative it is nevertheless interesting to investigate the constraints which might be placed on such scenarios from primordial nucleosynthesis.
If fluctuations occur, the bubble size at coalescence will probably provide a typical length scale of fluctuations in η, but fluctuations can occur on larger scales than that.
However, it is difficult to quantify that length scale. Thermal and/or quantum nucleation is especially difficult to follow at the electroweak epoch because the nucleating action may be dynamically renormalized by the presence of bubbles of broken phase [12] . Another complication may be hydrodynamic instability of phase boundaries [13] .
Despite these caveats it is nevertheless instructive to consider simple models of homogeneous nucleation of phase in the small supercooling limit [14] . In these models the nucleation rate per unit volume is assumed to be,
where S(T ) = a(T ) T c /(T c − T ) is the nucleating action, with a(T ) a monotonically increasing function of temperature, and where C is a scale factor of order unity. Integrating the nucleation rate through the end of the phase transition, and assuming that bubble walls move at the speed of light, yields an estimate for the time required for bubbles to coalesce.
We can express this coalescence time (or bubble size at coalescence) as a fraction δ of the Hubble time (or horizon scale)
where B is the logarithmic derivative of the nucleating action S, in units of H −1 at the epoch of the phase transition. The value of B depends on calculable details of models for the electroweak transition and is within one or two orders of magnitude of unity. The horizon size is,
where We also can describe fluctuations by their separation length scale, l 100 , where we express a length scale co-moving with the Hubble expansion in terms of its proper length at an epoch where T = 100 GeV. The corresponding proper length at any epoch where the temperature is T is then
where R and R 100 are the scale factors at an epoch of temperature T and 100 GeV, respectively, T 100 = 100 GeV, and where g and g 100 are the statistical weights in relativistic particles at an epoch of temperature T and 100 GeV, respectively. In this expression we have assumed that the co-moving entropy density is conserved.
In order for a fluctuation to affect the outcome of nucleosynthesis l 100
This scale is found from detailed nucleosynthesis calculations to be roughly the scale of the proton diffusion length at the nucleosynthesis epoch. Physically, the origin of this limiting length is that any fluctuation scale smaller than the proton diffusion length will be damped out by baryon diffusion prior to nucleosynthesis. Therefore, the minimum fluctuation scale for inhomogeneous nucleosynthesis effects can be expressed in terms of a fraction of the horizon scale H −1 at any epoch as
δ min ≈ (6.9 × 10 −2 ) g 100 100 In any scheme for baryogenesis associated with an electroweak symmetry breaking epoch at temperature T we must produce the average proper baryon number density within the horizonn
where the entropy per unit proper volume is S ≈ (2π 2 /45)gT 3 . Homogeneous and inhomogeneous standard big bang nucleosynthesis calculations together with observational abundance constraints imply that Ω b ≈ 0.01h −2 [1, 18] .
Assume that baryons are distributed in high density regions with baryon number density n H b , which in total occupy a fraction f V of the horizon volume, and in low density regions with baryon number density n L b . In this case, we can writē
We define Λ H ≡ n This is why nucleosynthesis is so powerful in constraining primordial inhomogeneities.
A representative case of these calculations is displayed in Figure 2 . In this figure we show the 4 He mass fraction and number fraction of 7 . This is a general feature of inhomogeneous primordial nucleosynthesis whenever l s 100 is below the electroweak horizon scale. It is, however, intriguing that the electroweak horizon is close to the minimum in 4 He and 7 Li (the "helium dip").
We have also explored inhomogeneous nucleosynthesis yields for the light elements as functions of initial density contrast and volume filling fraction, Λ and f V , respectively. This constraint can be put in the context of electroweak baryogenesis with a simple model. Assume that an electroweak phase transition has produced a regular lattice of bubbles at coalescence, all of equal size. In fact, we expect a distribution of bubble sizes, but for now assume all bubbles have size equal to the nucleation scale δH −1 . Since we expect δ ∼ 10 −3 there will be roughly δ −3 ∼ 10 9 bubbles within the horizon. As they expand toward coalescence, these 10 9 bubbles must produce the horizon-averaged baryon number densityn b . It is likely, however, as noted above that not all bubbles will contribute equally to this average. Assume that a fraction f of the bubbles contributes a substantial fraction b of the total baryon number in the horizon. As far as the net baryon distribution is concerned, this scenario approximates a regular lattice of fluctuations with effective horizon-fraction separations
Equation (7) shows that the baryon distribution is characterized by two independent quantities, which we take to be f V and Λ. In the above hypothetical scenario it is clear that f V ≤ f , with equality obtaining when the baryon number produced in a bubble is uniformly distributed over the volume swept out by the bubble wall. The density contrast will be
assuming that each of the f δ −3 bubbles contributes equally to bn b . Equality in equation (8) obtains in the limit of uniform baryon distribution across each of the "significant"f δ −3
bubbles. Note that we also assume that significant bubbles are uniformly distributed in space. In this model, follows on assuming that δ ≈ 10 −3 . Equation (8) implies that Λ ≈ 9 × 10 6 . Since b = 0.9 exceeds 0.1 and δ η > δ min we would conclude that this scenario is incompatible with nucleosynthesis constraints and, therefore, ruled out. In general, whenever f < (δ/δ min ) 3 ∼ 3 × 10 −6 (100GeV/T ) 3 and b > 0.1 the nucleosynthesis constraint will be violated. In other words, any scenarios where fewer than about 3000 bubbles contribute more than 10% of the baryon number can be ruled out.
In some models of electroweak baryogenesis the significant bubbles for baryon production might be those which are nucleated earliest. We would then expect these bubbles to be larger at coalescence than the average bubble (δH 
